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Polarized function of thick ascending limbs of Henle cells in lem is the contamination with other non-epithelial cells.
osmoregulation. The intracellular content of several organic osmolytes,
Background. Organic osmolytes are necessary for osmo- especially betaine, myo-inositol and taurine, is alteredregulation in mammalian kidney. Since renal epithelial cells in
both by an osmotically regulated specific release or spe-many cases possess specific mechanisms both for uptake and
cific uptake via a secondary active transport system [3].osmotically regulated release, we investigated their localization
in polarized cells. It has been shown that the release of organic osmolytes
Methods. An immortalized epithelial cell line derived from in the inner medullary collecting duct (IMCD) cells takes
the thick ascending limb of Henle’s loop (TALH) was used to place either on the apical or the basolateral side [4]. Inexamine the transport characteristics of the apical and basolat-
PAP-HT 25 cells sorbitol efflux occurred on the apicaleral plasma membranes for osmotic regulation of organic os-
side [5]. Cells derived from thick ascending limb ofmolytes. Cells were cultured on filters in a two-compartment
chamber. Henle’s loop (TALH) released 1/5 of total intracellular
Results. In culture under hypertonic conditions the TALH sorbitol content on the apical side [6]. This suggests that
cells accumulated in the following balance: sorbitolbetaine
a side dependency of the different osmotic functionsmyo-inositol glycerophosphoryl choline (GPC). When extra-
might exist in TALH cells, too. It has not yet been ob-cellular osmolarity was decreased, then sorbitol was released
on the apical side, whereas betaine and myo-inositol efflux served whether the uptake or the specific release of or-
occurred on the basolateral side. GPC release showed no pref- ganic osmolytes takes place on different sides. Therefore,
erence of either side. Taurine did not seem to be necessary for we analyzed an immortalized epithelial cell line (TALH
osmoregulation under these conditions. Osmotically regulated
cells) derived from the thick ascending limb of Henle’smyo-inositol and betaine uptake was located on the apical side,
loop to study the polarized function for the transport ofand choline uptake took place on both sides equally.
Conclusion. These results show that in renal epithelial cells, organic osmolytes. The cells are highly differentiated
both osmotically induced release and the uptake of organic with characteristic functions of the thick ascending limb
osmolytes are divided between the apical and the basolateral of Henle’s loop [7–9]. In addition, these cells show polar-sides. This might be important for volume regulation.
ized properties when grown on filters [7, 9] and need
different organic osmolytes for volume regulation [3].
Our data suggest that a different localization of release
Cell volume in renal epithelial and interstitial cells is
and uptake of several organic osmolytes occurs during
regulated by the accumulation or loss of certain organic
osmoregulation of TALH cells derived from thick as-
osmolytes such as myo-inositol, glycerophosphoryl cho-
cending limb of Henle’s loop.
line (GPC), taurine and sorbitol [1, 2]. Freshly isolated
cells are important for investigating cell regulation pro-
cesses. A great disadvantage of using isolated tubular METHODS
cells in suspension is their loss of polarity. Another prob- Cell line
The TALH cell line used in these experiments was
derived from the outer medulla of rabbit kidney [8].Key words: TALH, organic osmolytes, cell polarity, kidney medulla,
epithelial cells, transport, volume regulation, glucose uptake. Cultured TALH cells, which have been immortalized by
SV40 early region DNA, show a high degree of differen-Received for publication December 1, 2000
tiation and specialization and provide a suitable modeland in revised form July 13, 2001
Accepted for publication July 24, 2001 to study TALH cell functions in vitro. These cultured
cells express many characteristics typical of TALH cells 2001 by the International Society of Nephrology
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in vivo, such as a high activity of Na,K-ATPase, a stationary phase with HPLC grade water with 50 mg/L
calcium. Fifty microliters of each sample were injected.functional Na-K-Cl2- cotransport system and synthesis
of the Tamm-Horsefall glycoprotein [9]. As a sign of Appropriate standards in the range of 0.01 to 1 mmol/L
were used for calibration.polarity these cells express a barium-sensitive K chan-
nel on the apical side [9]. For osmoregulation these cells
Localization of uptake of the organic osmolytesneed the typical organic osmolytes sorbitol, betaine,
myo-inositol and GPC, which can be found in the me- Confluent monolayers of TALH cell grown on filter
membranes and adapted to an extracellular osmolarity ofdulla of mammalian kidney [3, 10, 11].
300 mOsm/L or 600 mOsm/L were rinsed twice with the
Cell culture incubation buffer (HEPES-Ringer buffer) of appropriate
osmolarity. The HEPES-Ringer buffer [4-(hydroxye-Thick ascending limbs of Henle cells were cultivated
in 300 and 600 mOsm/L medium, respectively. The osmo- thyl)-1-piprazineethane sulfonic acid; 300 mOsm/L, pH
7.4] used for uptake experiments contained (in mmol/L):larity was adjusted with either 150 mmol/L NaCl or
300 mmol/L sucrose or urea. Cells were grown at 37C 118 NaCl, 3.2 KCl, 2.5 CaCl2, 1.8 MgSO4, 1.8 KH2PO4,
16 H-HEPES, 16 Na-HEPES, 5 glucose, 10 Na-pyruvate,in a humidified 5% CO2-95% air atmosphere in 75 cm2
tissue culture flasks (Falcon, Heidelberg, Germany). and 2 Na-acetate. An osmolarity of 600 mOsm/L was
achieved by addition of about 150 mmol/L NaCl. UptakeMedium was replenished every two days, and the cells
were cultured for three to five days (until confluence) measurements were started by adding 120 mol/L cho-
line, betaine, myo-inositol or 1 mmol/L 2-deoxy-d-glu-before passaging. Dulbecco’s modified Eagle’s medium
(DMEM; Gibco, Eggenstein, Germany), including 1 g/L cose (14C labeled) to the incubation buffer, either to the
apical or basolateral side of the cell membrane for 60glucose supplemented with 10% fetal calf serum (FCS),
1% MEM nonessential amino acids (100; Gibco), seconds. To characterize the driving forces of the uptake
of each organic osmolyte, investigations concerning the2 mmol/L l-glutamine (Sigma, Deisenhofen, Germany)
and 0.2 mg/mL Geneticin (Gibco), was used throughout influence of changes in the extracellular ion content were
performed. For experiments investigating the sodiumthe study.
The pH value of the medium under these conditions dependence of the sorbitol uptake, the following sodium-
free buffer was used (in mmol/L): 118 N-methylglucos-was maintained at 7.4.
For two-compartment-culture, permeable cell culture amine, 3.2 KCl, 2.5 CaCl2, 1.8 MgSO4, 1.8 KH2PO4, 32
H-HEPES, 5 glucose, 2 K-acetate. For sodium- and chlo-filter inserts (0.4 m pore size, 4.3 cm2 surface; Falcon,
Heidelberg, Germany) were placed in Multiwell tissue ride-free incubations (in mmol/L) 3.2 K-acetate and 2.5
CaSO4 were used instead of 3.2 KCl and 2.5 CaCl2. Theculture plates (Falcon). Within two to four days, the cells
formed a tight polarized monolayer [12]. pH value of the sodium-free buffer had to be adjusted
to 7.4 by addition of 1 N HCl. To discover an influence
Determination of organic osmolytes of bicarbonate 10 mmol/L Na-HEPES was replaced by
10 mmol/L Na-bicarbonate. The pH value was adjustedThe preparation of the samples was carried out ac-
cording to Wolff et al [13]. After removal of the medium as mentioned above. 3H-inulin (Amersham Buchler,
Braunschweig, Germany) was also added to the incuba-1 mL of 3% perchloric acid were added to the cells.
After one minute the perchloric acid was removed, and tion buffer to determine the extracellular space and to
control the tightness of the cellular monolayer. The mea-the cells were detached from the culture flasks by addi-
tion of 1 mL NaOH (1 mol/L) and homogenized at 13,000 surement was stopped by removing the incubation buffer
and rinsing the filter membranes four times in an ice-rpm for one minute. Protein was determined in an aliquot
(100 L) of each homogenate. The perchloric acid con- cold stop solution containing 300 mOsm/L PBS and 300
mmol/L mannitol. Cells were detached from the filterstaining the organic osmolytes was neutralized with 5 mol/L
KOH and cooled on ice for 60 minutes. After an addi- with 1 N NaOH and aliquots were taken for liquid scintil-
lation counting and protein measurement.tional centrifugation at 14,390 g, salts of the deprotein-
ized and neutralized samples were removed by passing Glucose uptake inhibitor for sodium-dependent glu-
cose uptake was phlorizin (1 mmol/L), inhibitor for so-the supernatant through an Alumina A light cartridge
(Waters, Milford, MA, USA). Fatty acids were extracted dium-independent uptake was phloretin (0.1 mmol/L). In
addition phlorizin (1 mmol/L) and phloretin (0.1 mmol/L)by passing the samples through a C14 light cartridge
(Waters). Osmolytes were measured with Kontron high- were used together to inhibit both glucose uptake mecha-
nisms. All samples contained 0.04 mmol/L rotenon topressure liquid chromatography (HPLC) equipment con-
sisting of a pump (322), autosampler (360), refractometer avoid further metabolization by oxidative phosphoryli-
zation. Samples were incubated for 30 minutes (t30). Con-(Bio Rad, Munich, Germany), and software (Kontron).
The oven was purchased from LKB (Freiburg i.Br., Ger- trols were taken at the beginning of the incubation (t0).
Glucose uptake was calculated by the formula (lactatemany). A sugar Pak 1-column (Waters) was used for the
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Table 1. Changes of content of organic osmolytes in thick ascending limbs of Henle (TALH) cells in respect to the extracellular osmolarity
Betaine Inositol Sorbitol GPC Taurine Total
300 mOsm/L 28653 13531 3610 115 229 49050
600 mOsm/L 39245 33946 83674 339 2710 162743
Difference lmol/g protein 10562 20438 80153 226 54 113818
Difference % 37 151 2249 198 23 232
Shown are means  SD of five experiments. The increase of osmolarity was achieved by addition of 150 mmol/L NaCl. The content of all organic osmolytes
increased significantly (sorbitol and inositol, P  0.0001; GPC and betaine, P  0.01), but not the taurine content.
Table 2. Influences of sodium, phloretin and phlorizint30 	 lactate t0)/2, since 1 mol glucose leads to 2 mol on glucose uptake
lactate. Lactate determination was performed according
Glucose uptaketo Noll [14]. As mentioned above, 2-deoxy-d-glucose
lmol/g protein  h
(14C-labeled) was used to examine localization of glucose
Control 71260uptake. Phloretin 0.1 mmol/L 24462
Phlorizin 1 mmol/L 572160Since the uptake at 4C was always smaller than 20% of
Phloretinphlorizin 23974total uptake, the 4C results were not considered further.
Sodium free 842114
Phloretin  phlorizin is 0.1 mmol/L phloretin and 1 mmol/L phlorizin. 0.1
Organic osmolyte efflux experiments mmol/L phloretin (N 11) and phloretin phlorizin (N 6) caused a significant
decrease in glucose uptake (P  0.05).To determine the location of organic osmolyte trans-
porters, efflux experiments under hypoosmotic shock were
performed. Confluent monolayers grown on filter mem-
Table 3. Changes of sorbitol content in TALH cells by glucosebranes and adapted to an osmolarity of 600 mOsm/L were
uptake inhibition
used. The medium was removed and the monolayers
Sorbitol contentwere rinsed with phosphate-buffered saline (PBS) 600
lmol/g protein
mOsm/L and then exposed to 1 mL 300 mOsm/L PBS
Control 3610
for ten minutes on both sides of the culture insert. After Phloretin 0.1 mmol/L 127
Phloretin 0.1 mmol/Lthat the contents of the upper and the lower compart-
Phlorizin 1 mmol/L 146ment were harvested and stored separately. One millili-
Glucose uptake inhibition by phloretin and phloretin  phlorizin caused ater of 6% HClO4 was given to the monolayer for about significant decrease of intracellular sorbitol content (N  6, P  0.05). No
significant differences phloretin vs. phloretin  phlorizin were found.two minutes to release the intracellular substances. The
cell extract was then removed and kept. Afterwards the
cells were detached with 1 mL 1 N NaOH and homoge-
nized for protein measurement.
RESULTS
Protein determination Composition of organic osmolytes in TALH cells
Protein was measured according to Lowry et al [15] The organic osmolytes inositol, GPC, sorbitol, betaine
after precipitation of protein with 10% ice-cold trichloro- and taurine were all detectable in TALH cells. The over-
acetic acid. Bovine serum albumin (BSA; Boehringer all sum of organic osmolytes increased more than three-
fold when cells were exposed to 600 mOsm/L medium.Mannheim, Mannheim, Germany), in concentrations be-
Under isoosmotic (300 mOsm/L) conditions, betaine tween 0.1 and 0.8 g/L, was used as the standard.
inositol  sorbitol  GPC  taurine were found (Ta-
ble 1). The predominant organic osmolyte during hyper-Material
osmotic stress was sorbitol  betaine  myo-inositol All chemical reagents were of the highest purity com-
GPC taurine. Under hyperosmotic conditions, sorbitolmercially available.
and myo-inositol showed the greatest increase in intra-
cellular content. The mean volume of TALH cells wasStatistical analysis
8.0  2.1 mL/g protein. This results in a content of or-
For statistical analysis the one-sided Student t test or ganic osmolytes of 61  6 mOsm/L at 300 mOsm/L and
multivariance analysis ANOVA was performed. Differ- of 204  5 mOsm/L at 600 mOsm/L. Thus, about 140
ences were considered statistically significant at the level mOsm/L of the expected 300 mOsm/L increase in intra-
of P  0.05. Mean values with their respective standard cellular osmolarity was achieved by the organic osmo-
lytes. If glucose uptake was inhibited with phloretin ordeviations are given throughout the article.
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Fig. 1. Efflux of organic osmolytes from thick
ascending limb of Henle (TALH) cells. The
polarized efflux of organic osmolytes from
TALH cells is during hypotonic shock. Val-
ues are expressed as means of the efflux in %
of the total content/30 min  SD of 5 experi-
ments. A total amount of 20  11 taurine,
400  18 betaine, 758  60 sorbitol, 32  9
GPC and 327 35 myo-inositol (all in mol/g
protein) was found. Symbols are: ( ) baso-
lateral side; () apical side.
with phlorizin  phloretin (Table 2), the intracellular The myo-inositol uptake was more than doubled when
sorbitol content was only 35% of sorbitol content with- the cells were incubated in a 600 mOsm/L medium (Fig. 2).
out inhibition of glucose uptake (Table 3). Taurine was Chloride-free incubation did not change the uptake, while
not significantly elevated in cells cultured with hyperos- sodium-free incubation resulted in an 80% decrease of
motic medium, suggesting that it was not necessary for myo-inositol uptake, suggesting that the myo-inositol
osmoregulation under the described conditions; there- transport was sodium-dependent. In contrast to the myo-
fore, it was not investigated further. inositol release on the basolateral side, myo-inositol up-
take took place primarily on the apical side (87% of
Release of organic osmolytes total uptake, Fig. 2). Incubation under hyperosmotic con-
Different amounts of organic osmolytes were released ditions did not change the side of myo-inositol uptake
during hypoosmotic shock (600 → 300 mOsm/L) from (82% of total uptake at 600 mOsm/L on the apical side).
the TALH cells (Fig. 1). However, the release of all or- Glucose is the precursor for myo-inositol as well as for
ganic osmolytes tested was regulated osmotically. The sorbitol. Glucose uptake did not change when incubated
efflux of sorbitol showed a strong polarization to the api- under hyperosmotic conditions. The transport was not
cal side. GPC was released on both sides of the mono- influenced by sodium-free incubation (Table 2). Since
layer equally. In contrast to sorbitol, betaine and myo- uptake decreased significantly by addition of phloretin
inositol were released on the basolateral side. Since a high (66%) and by the addition of phloretin  phlorizin
capacity of specific transporters is provided in the plasma (66%), but not by addition of phlorizin alone (20%), the
membranes of renal epithelial cells, these transports were glucose transport most likely was a sodium-independent
characterized with special regard to their localization in [16]. In contrast to the other organic osmolytes, 2-deoxy-
particular under different extracellular osmolarities.
d-glucose uptake was located almost entirely on the ba-
solateral side (Fig. 3).Cellular polarity of uptake of different
Incubation in chloride- and sodium-free medium re-organic osmolytes
sulted in an 80% decrease of betaine uptake, which indi-Figures 2 and 3 show the polarity of uptake of the
cates that betaine uptake was sodium- and chloride-different organic osmolytes tested in regard to total up-
dependent. Similar to myo-inositol uptake, betaine up-take. Under isoosmotic conditions (300 mOsm/L) the
take showed a preference to the apical side (76%, Fig. 2)total uptake was 1.3  0.5 mol/g protein  h betaine,
while betaine release was localized on the basolateral1.9  0.2 mol/g protein  h choline, 0.7  0.3 mol/g
side. Incubation under hyperosmotic conditions moreprotein  h myo-inositol (N  6 to 9) and 708 
than doubled the total betaine uptake and did not change80 mol/g protein  h glucose (N  11). During hyper-
the side of the betaine uptake (apical side 82%).osmotic incubation (600 mOsm/L) the total uptake of
Choline is the precursor of betaine and GPC. For thisbetaine (4.0 0.6 mol/g  h, N 9, P  0.05), choline
reason the choline uptake also was investigated. At an(3.8  0.6 mol/g  h, N  6, P  0.05) and inositol
osmolarity of 300 mOsm/L most of the choline uptake(1.8  0.2 mol/g  h, N  5, P  0.05) increased
took place on the apical side (68%, Fig. 3). Under hyper-significantly whereas glucose remained unaltered (712
60 mol/g  h, N  11, P  NS). osmotic conditions the choline uptake was raised espe-
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Fig. 2. Uptake of betaine (A) and myo-inosi-
tol (B) into TALH cells. The relative uptakes
of the basolateral ( ) or apical () side in re-
gard to the total uptake of TALH cells grown
at 300 mOsm/L and 600 mOsm/L are shown,
as are the means SD of 5 to 11 experiments
(P  0.05).
cially on the basolateral side so that under hyperosmotic renal epithelial cell lines derived from the inner medulla
also are important for osmoregulation of cells derivedconditions choline was taken up equally on both sides.
from the outer medulla.Incubation with bicarbonate did not significantly change
Choline is the precursor of GPC and betaine. Cholinethe uptake of any organic osmolyte.
uptake was observed in Madin-Darby canine kidney
(MDCK) cells [21] and isolated rat IMCD cells [22]. This
DISCUSSION transport was not affected by extracellular osmolarity
Accumulation of organic osmolytes is important for and was not sodium dependent. As previously published
the maintenance of the cell volume [2]. All organic osmo- [10] the choline transport into cells derived of thick as-
lytes necessary for osmoregulation in renal inner medul- cending limb of Henle’s loop was regulated osmotically,
lary cells (myo-inositol, betaine, sorbitol, GPC and tau- and most of the choline uptake at 300 mOsm/L condi-
rine) [17] can be found in TALH cells. Similar results tions was observed via the apical side [10]. Also, furose-
were obtained in vivo by microdissected tubuli [18] and mide had no influence on choline uptake, which indicates
in cultures of cells derived from TALH [19]. In addition, that choline uptake is not dependent on the chloride gra-
recently it has been reported that an inhibition of myo- dient [10]. Our results confirm these earlier observations.
inositol transport into TALH cells causes selective renal However, this preference of apical uptake in TALH cells
injury in the thick ascending limb of Henle’s loop, which is altered under hyperosmotic conditions. We suggest
emphasis the necessity of this organic osmolyte [20]. that the increase of the basolateral choline uptake under
However, the small amount of GPC indicates that GPC hyperosmotic incubation could guarantee a better supply
is of minor importance for osmoregulation in TALH of choline under hyperosmotic conditions.
cells. Taurine remained unchanged under the different The betaine transporter resembles the already cloned
osmotic conditions in TALH cells and thus was not inves- Na/Cl	/betaine/GABA transporter (BGT) [23, 24]. In
tigated further. contrast to other renal epithelial cells like MDCK cells,
where the BGT was found on the basolateral side, it wasThese results suggest that organic osmolytes found in
Grunewald et al: Osmoregulation of TALH cells 2295
Fig. 3. Uptake of choline (A) and glucose (B)
into TALH cells. The relative uptake of baso-
lateral ( ) or apical () side is in regard to
the total uptake of TALH cells grown at 300
mOsm/L and 600 mOsm/L. Shown are
means  SD of 5 to 11 experiments. In con-
trast to the other osmolytes, choline uptake
was not dependent to either side (P  0.05).
located on the apical side in TALH cells. However, our sorbitol synthesis and glycolysis, and no further modifi-
cation by extracellular osmolarity is observed [27]. Untilresults are in good agreement with in vivo microperfu-
sion experiments on rat kidneys. These experiments now, the extent to which glucose is needed for intracellu-
lar myo-inositol production has not been known. If ourdemonstrated a luminal uptake of betaine along the thick
ascending limb of Henle’s loop while betaine was not results are adaptable on cells of the TALH in vivo, then
intracellular myo-inositol content is mainly achieved byreabsorbed in later parts of the tubular system [25]. Thus,
it seems reasonable that in later segments of the tubular uptake. Since inhibition of myo-inositol transport causes
a severe damage of TALH cells in vivo [20], myo-inositolsystem BGT is found on the basolateral side. To ensure
a sufficient supply with betaine the TALH cells also can synthesis probably plays a minor role in the maintenance
of the intracellular myo-inositol content in TALH cells.synthesize osmotically induced betaine [11].
The myo-inositol transporter of TALH cells shows However, glucose uptake would be sufficient for myo-
inositol synthesis, too. Further experiments are necessarythe characteristics of the Na/myo-inositol transporter
(SMIT) [26], which was osmotically regulated and found to resolve this question.
The polarity of the osmotically-regulated efflux sys-on the basolateral side of MDCK cells [23]. Since the
characteristics of myo-inositol uptake are similar to the tems for organic osmolytes observed in our studies reveal
a functionally differentiated and polarized cell line. Inter-characteristics of betaine uptake in TALH cells we sug-
gest that myo-inositol uptake in vivo might be located estingly, similar results were observed in IMCD cells. In
these cells betaine and myo-inositol efflux occurred onon the same side as betaine uptake.
Glucose is necessary for sorbitol production in TALH the basolateral side. In contrast to the apical release of
sorbitol, a basolateral localization of sorbitol efflux wascells as well as for the intracellular energy supply. TALH
cells possess a basolateral sodium-independent glucose found in IMCD cells [17, 28, 29]. There seem to be differ-
ences in regard to the side of sorbitol release, since otheruptake system. The velocity seems to be sufficient for
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Fig. 4. Model of fluxes in TALH cells that
occur under hypotonic (A) and hypertonic (B;
600 mOsm/L) conditions. Open arrows denote
efflux, circles with arrows show uptake, and
arrows within the cells mark intracellular me-
tabolism. The question mark (?) indicates that
this metabolic pathway has not yet been found
in TALH cells.
renal epithelial cells also release sorbitol mainly on the ride [30]. Thus, it seems reasonable that the sodium and
chloride dependent betaine and the sodium dependentapical side [5, 6]. This apical release of sorbitol could be
responsible for the detection of sorbitol in the urine. myo-inositol uptake are located on the apical side. This
might be necessary for a rapid volume regulation inFigure 4 shows a model of the fluxes that occur in
TALH cells. TALH cells. Betaine uptake on the apical side in vivo re-
inforces our results [25]. Together with the basolateralThe properties of TALH cells in culture reported in
this article can only be compared to a limited extent to release of myo-inositol and betaine, these results suggest
the transepithelial reabsorption of myo-inositol and be-the functional polarity in vivo. The luminal membrane
of the TALH is highly permeable for sodium and chlo- taine, which inhibits recycling on the apical side. This
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Fig. 4. (Continued)
localization also induces the uptake of sodium and chlo- transcription of corresponding mRNA [31–33]. Several
days were necessary for the complete adaptation. How-ride from tubule lumen. Thus, while our results are in
good agreement with the physiological function of this ever, a rapid regulation dependence on pH also has been
found. In vitro studies showed a decrease of betainenephron segment, they have to be confirmed in vivo.
Different regulatory mechanisms for myo-inositol and and myo-inositol uptake following acidification and vice
versa [34, 35]. Recent in vivo studies revealed that thebetaine uptake have been found. Myo-inositol and beta-
ine uptake in vivo can be regulated by a modification of Na/H exchange contributes to the sodium uptake in the
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13. Wolff SD, Yancey PH, Stanton TS, Balaban RS: A simpleTALH as well [36]. High extracellular osmolarity resulted
HPLC method for quantitating major organic solutes of renal me-
in an activation of this transport and led to a decrease of dulla. Am J Physiol 256:F954–F956, 1989
14. Noll F: Alkaline phosphatase, in Methods of Enzymatic Analysis,intracellular H-concentration [36]. This could activate
edited by Bergmeyer H., Deersfield Beach, Verlag Chemie, 1984,betaine and myo-inositol uptake under hyperosmotic
p 1521
conditions, and vice versa decrease uptake under isoos- 15. Lowry OH, Rosebrough NT, Farr AL, Randall RJ: Protein
measurement with the folin phenol reagent. J Biol Chem 193:motic conditions. Thus, TALH cells would be capable
265–275, 1951of a rapid volume regulation, on the one hand by separa-
16. Thorens B: Glucose transporters in the regulation of intestinal,
tion of uptake and release, and on the other hand by renal, and liver glucose fluxes. (review) Am J Physiol 270:G541–
G553, 1996osmotic induced changes of intracellular pH.
17. Ruhfus B, Bauernschmitt HG, Kinne RK: Properties of a polar-
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